Objective: (1) To determine whether nutritional supplementation (energy and micronutrients) in institutionalised elderly has a positive effect on dietary intake and nutritional status. (2) To investigate whether individuals tend to compensate for the energy content of the intervention product by decreasing their habitual food consumption. Methods: A 24-week, randomised, double-blind, placebo-controlled, intervention trial in homes for the elderly (n ¼ 3), in nursing homes (n ¼ 3) and 'mixed' homes (n ¼ 3) in The Netherlands. Institutionalised elderly people (n ¼ 176) older than 60 years of age, with a body mass index p30 kg/m 2 and a Mini-Mental State Examination score of 10 points or higher, randomly received a nutrient-enriched drink or a placebo drink twice a day during 24 weeks in addition to their usual diet. Allocation to treatment took into account of sex, the Mini-Mental State Examination score and the plasma homocysteine level. Body weight and several nutrition-related analyses in fasting blood samples were measured in all participants. Data on dietary intake were collected in a subsample (n ¼ 66). Results: A significantly favourable effect (Po0.001) of the intervention drink was observed on vitamin intake, mineral intake and vitamin status in blood (for example, homocysteine decreased from 14.7 to 9.5 mmol/l in the intervention group as compared with that in the placebo group (17.2-15.9)). The difference in change in total energy intake between the two treatment groups was 0.8 MJ/day (P ¼ 0.166). Energy intake from food decreased in both groups to the same extent (À0.5 MJ/day). Therefore, this decrease cannot be considered as compensation for the energy content of the product. Conclusions: This group of institutionalised elderly people does not compensate for the energy content of a concentrated nutritional supplement. Therefore, this supplement is effective for counteracting the development of malnutrition in this population.
Introduction
Malnutrition is a common and serious problem in elderly people. Thirty-seven percent of the European institutionalised elderly are malnourished (Guigoz et al., 2002) . Malnutrition or inadequate nutritional intake may lead to increased morbidity and mortality (Sullivan and Walls, 1998; Persson et al., 2002) . A marginal nutritional status is associated with a decrease in functionality and with an increase in dependency on care in performing activities of daily living (Beck and Ovesen, 2004; Sharkey et al., 2004) .
Weight loss and (protein-energy) malnutrition in older persons are predominantly caused by a decline in food intake (Roberts, 1995; Morley and Thomas, 1999) . Institutionalised elderly people often have a low intake of energy and micronutrients (van-der-Wielen et al., 1995; Berner et al., 2002; Wouters-Wesseling et al., 2002) , leading to micronutrient deficiencies.
Development of malnutrition might be counteracted by an improvement of dietary intake, for example, by providing enriched nutritional supplements. A prerequisite for this strategy is that supplements are used in addition to the normal diet and that these supplements will not reduce food intake and consequently total energy intake. Incomplete short-term energy compensation (17-23%) was found in healthy elderly, which means that at least a part of the supplement will be used as extra (Zandstra et al., 2000) . After longer periods (3 weeks) of over-or underfeeding, elderly men did not adjust their voluntary energy intake (Roberts et al., 1994 ). Thus, it seems possible to increase energy intake using dietary supplementation.
Studies conducted on institutionalised elderly on the effect of nutrient-dense products are indicative of an increase in dietary intake, given the observed improvements in body weight and biochemical indicators of nutritional status. Dietary intake was, however, not assessed (Faxén-Irving et al., 2002; Bonnefoy et al., 2003) , or was assessed only at baseline (van-der-Wielen et al., 1995; Wouters-Wesseling et al., 2002) . Other studies were mostly conducted in freeliving individuals and were of short duration (McKay et al., 2000) or were without a placebo treatment (Gray Donald et al., 1995; Krondl et al., 1999; Payette et al., 2002) .
Three recent studies in free-living people as well as in institutionalised Alzheimer patients did not use a proper placebo and showed contradictory results (Lauque et al., 2004; Planas et al., 2004; Salas Salvado et al., 2005) . Nursinghome studies also showed contradictory results, lacking placebo treatment and/or lacking a supplementation period long enough to signal change in energy intake (Turic et al., 1998; Fiatarone Singh et al., 2000; Lauque et al., 2000) .
As part of a larger placebo-controlled study, we investigated during 24 weeks whether a nutrient-dense drink has a positive effect on dietary intake, body weight and on biochemical indicators of nutritional status of institutionalised elderly. Furthermore, we investigated whether individuals tend to change their voluntary dietary intake to compensate for the energy content of the intervention product.
Materials and methods

Study design
The study was a 24-week, randomised, double-blind, placebo-controlled, parallel-group, intervention trial performed from May 2000 until December 2003, with a phased onset of the study in different institutes for chronic care. At the start and end of the intervention, anthropometrical and dietary measurements were determined and fasting blood samples were collected. The Medical Ethics Committee of Wageningen University approved the study protocol.
Study population
Institutionalised elderly were recruited from nine institutes for chronic care, including three homes for the elderly, three nursing homes and three 'mixed' homes.
Of the 1050 residents contacted, 265 residents were screened for their eligibility (Figure 1 ). Inclusion criteria were as follows: ageX60 years; institutionalised for at least 2 months; a Mini-Mental State Examination (MMSE) score X10 points; and body mass index p30 kg/m 2 . Exclusion criteria were presence of serious morbidity or interfering co-interventions. A total of 176 participants were randomly allocated to one of two regimens: nutrient-dense drink or placebo drink. Allocation to treatment took into account sex, the MMSE score (cutoff value: 19 points) and homocysteine (Hcy) level (cutoff value: 19 mmol/l) to limit differences in health status and functioning at baseline in both groups. These health indicators were chosen because they are easy to assess and can be regarded as representative of the elderly population. Two-thirds of the participants were allocated to the intervention (n ¼ 119) group and one-third to the placebo drink (n ¼ 57) group. We based this unequal distribution of participants on the positive results on nutritional status in a pilot study (Wouters-Wesseling et al., 2002) .
Owing to practical reasons, we assessed dietary intake in a non-randomly selected subsample of 66 participants (intervention group: n ¼ 45, placebo group: n ¼ 21) in the first five institutions, except for those with an MMSEo23.
Intervention
The experimental intervention consisted of supplying two packages of 125 ml of a complete nutrient-enriched dairy drink or a placebo drink for 24 weeks (Table 1) . Vitamins, minerals and trace elements were added by the producer (Numico Research, Wageningen, The Netherlands) to the intervention drinks in amounts of 25-175% of the Dutch Recommended Daily Allowances (Health Council of the Netherlands, 2000 Netherlands, , 2001 Netherlands, , 2003 , and contained 1.05 MJ/250 ml (250 kcal). Antioxidants were added to these drinks as well.
The placebo drink (125 ml/package) contained no energy, vitamins or minerals, but contained water, cloudifier, thickener, flavouring, colorant and non-caloric sweetener. Efforts were made to achieve a similar appearance and taste between the enriched and placebo drinks.
The drinks were available in two flavours: 'summer fruit' and 'spring fruit'. One of the researchers (MM) visited the participants every 2 weeks to provide them with the drinks. The daily dose was taken between meals in addition to the usual diet. Compliance with the supplement was registered by counting leftovers during the visits. Compliance percentage was quantified as (number of supplements providedÀnumber of supplements returned)/number of supplements provided Â 100%.
Data collection General characteristics. Information on sex, age, length of stay in the nursing/elderly home, civil status, smoking, Enriched drink, dietary intake and nutritional status M Manders et al educational level, current use of supplementation and the number of chronic diseases was collected from the personal and medical files kept at the institution.
Physical and mental functioning. Nursing personnel scored the activities of daily living according to the Barthel Index (scale from 0 to 20; a higher score indicates better functional capacity) (Mahoney and Barthel, 1965) . Trained interviewers collected data regarding mental functioning using structured interviews. Mental functioning questionnaires (MMSE for cognition and GDS, which stands for Geriatric Depression Scale) were administered by the same interviewer and were conducted at the participant's room, with no other people around.
Dietary intake
Dietary data were collected from the participants on 2 weekdays at the start and end of the intervention period. Owing to practical reasons, only weekdays were chosen instead of 2 weekdays and 1 weekend day, which may have been scientifically more sound for a better representation of the 'usual' intake. Trained dieticians used an observation that included the weighing-back method. For the cooked meal, individual menus and recipes were obtained from the kitchen staff in advance. Portion sizes of the cooked meal were determined by weighing the separate components of three standard meals. Food consumption of the cooked meal was registered by keeping records of foods and portion sizes served; leftovers were weighed after the meal. The intake from other meals was Figure 1 Flow chart of participants.
Enriched drink, dietary intake and nutritional status M Manders et al observed and recorded in terms of household measures and standard portion sizes. Portion sizes of commonly consumed items during other meals (such as bread and coffee) were determined for each institute. All foods and beverages consumed outside regular mealtimes were also carefully observed by the trained dieticians. Dietary intake was calculated with the nutrient content of the consumed intervention drink. The intake of energy, macronutrients, dietary fibre, vitamins and minerals was calculated using the VBS food calculation system (BAS Nutrition Software, Arnhem, the Netherlands), on the basis of the Dutch Nutrient Database (NEVO table, 1996) .
Nutritional status Anthropometrical assessment. Body weight (kg) was measured with a calibrated mechanical balance (Seca) to the nearest 0.5 kg before breakfast with participants dressed in light clothing and without shoes. A sitting weighing scale or a calibrated stretcher scale was used for persons who were not able to stand upright.
Knee-to-floor height (KFH) of the left leg was measured to the nearest 0.1 cm, with the participant in a sitting position. KFH was measured from the anterior surface of the thigh to the floor, with the ankle and knee each flexed at a 901 angle with the metallic help of a stadiometer. Body height was determined using the following formula: height (in cm) ¼ 3.16 Â KFH (in cm) (Berkhout et al., 1989) .
The calf circumference (to the nearest 0.1 cm) at the widest part of the left leg was obtained, with the participant in a sitting position. The knee and ankle were at an angle of 901, and the calf was relaxed. Some participants were measured in a lying position, with only the knee at an angle of 901.
Biochemical assessment. Blood samples were collected from individuals in fasting state at the start and end of the intervention period. Albumin, pre-albumin and C-reactive protein concentrations were analyzed using the Dimension Clinical Chemistry System. Creatinine was determined using a Synchron LX20. Serum 25-OH-vitamin D was analyzed on the basis of immunoassay with a DiaSorin. Folate and vitamin B 12 were analyzed with immunoassay (Beckman Coulter Access2). Total plasma Hcy concentration was measured using (HPLC) high-performance liquid chromatography with fluorescence detection. Haemoglobin and hematocrit were analyzed within 24 h in an HmX hematology analyzer (Beckman Coulter). Plasma methylmalonic acid concentrations were measured using the liquid chromatography-tandem mass spectrometry (LC-MS-MS) method. Vitamin B 6 was determined after storage with HPLC with fluorometric detection.
Analyses were carried out at the Laboratory of the Division of Human Nutrition at Wageningen University (Hcy), Laboratory of Paediatrics and Neurology, University Medical Centre Nijmegen (methylmalonic acid) and Stichting Huisartsenlaboratorium Oost in Velp (other parameters).
Statistical analysis
Skewed variables were normalised by transformation to the logarithm. Sex, living alone, currently smoking, educational level and supplement use were categorical variables. 'Length of stay in (nursing/elderly) home' was normalised after logtransformation, and data are reported as geometric means±s.d. Age, number of diseases, the Barthel Index score, the MMSE score, GDS, C-reactive protein, creatinine, vitamin D, Hcy, folate, vitamin B 12 , methylmalonic acid and vitamin B 6 could not be normalised and were, therefore, tested with non-parametric test statistics (data shown as medians (p 10 -p 90 )). All other variables were normally distributed. Means and standard deviations or medians and p 10 and p 90 of the changes in the score of dietary intake and nutritional status were calculated. Student's t-test or Mann-Whitney U-tests were used to compare the 0-24-week changes in outcome measures between the treatment groups. Results of all participants in the dietary assessment subsample, who completed the full protocol, were included in this analysis.
Data were analyzed using the statistical program, SPSS, version 11.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Participants
In the dietary assessment subsample, 43 of the 66 participants completed the full protocol. The placebo group had relatively more dropouts (38%) than the intervention group (33%). Distaste or adverse effects of the intervention product, occurrence of disease and death, lack of motivation to continue were mainly registered as reasons for withdrawal ( Figure 1 ). Dropouts had similar general characteristics at baseline as the participants who completed the full protocol, except for number of diseases (dropouts: five and compliers: three (P ¼ 0.017)). Furthermore, they differed in their MMSE score (dropouts: 26 and compliers: 22; P ¼ 0.001), energy intake, macronutrient intake, dietary fibre intake, thiamine intake, vitamin D intake and iron intake (dropouts had lower intakes than compliers; P-value between 0.002 and 0.04) and in their Hcy level (dropouts: 20.9 mmol/l and compliers: 15.0 mmol/l; P ¼ 0.013). In the group of participants who completed the full protocol, median compliance was 78% (range 19-94%) and 80% (range: 44-92%) for intervention and placebo group, respectively. Table 2 shows the baseline characteristics of the subsample in which dietary assessment took place. Median age of the participants (81 years) was comparable with that of other nursing-home populations. Mean body mass index was higher (25.8 kg/m 2 ) than that in other institutionalised populations. None of the baseline characteristics differed significantly between the two treatment groups. Table 3 shows the nutritional intake and the percentage of participants below two-thirds of the Dutch recommended dietary intakes (Health Council of the Netherlands, 2000 Netherlands, , 2001 Netherlands, , 2003 . Information on body weight, blood values and percentage of participants below the reference deficiency levels is given in Table 4 . There are no significant differences between the groups at baseline regarding intake and nutritional status. 
Dietary intake and nutritional status
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Most of our participants had an adequate intake of protein and of most vitamins and minerals. Exceptions (450% below cutoff value) were for the intake of thiamine, folate, vitamin B 6 , D and A. The percentage of vitamin D deficiency (480%) and that of the prevalence of hyperhomocysteinemia (430%) were especially high.
Changes in dietary intake
After 24 weeks of treatment, statistically significant effects were found for nutritional intake in favour of the intervention drink: energy intake, intake of macronutrients, vitamins and minerals increased in the intervention group and decreased or remained stable in the placebo group (P ¼ 0.001), except for vitamin A intake. We observed that energy intake from regular food decreased similarly in both groups: 0.53 MJ/day (intervention group) and 0.56 MJ/day (placebo group) (data not shown).
Changes in nutritional status
Body weight increased by 1.4 kg in the intervention group and decreased by 0.6 kg in the placebo group (P ¼ 0.123).
Albumin and pre-albumin improved in the intervention group and decreased in the placebo group after 24 weeks of treatment. Changes in blood proteins and in the biochemical indicators of general health did not differ significantly between the groups. Vitamin D, Hcy, folate, vitamin B 12 and vitamin B 6 changed significantly in favour of the intervention drink (Po0.01).
The beneficial effects of supplementation for vitamin levels are also reflected in changes of percentages of participants outside the reference values. In the intervention group, most of the deficiencies were normalised. This was most obvious for vitamin D: only 10% remained deficient in the intervention group, against 75% in the placebo group.
Discussion
Our trial on institutionalised elderly people for 24 weeks showed a statistically significant effect of nutritional supplementation on the intake of vitamins and minerals and on plasma vitamin status (vitamin D, Hcy, folate, vitamin B 12 , vitamin B 6 ). Positive effects on the intake of macronutrients Enriched drink, dietary intake and nutritional status M Manders et al (Lesourd et al., 1996) .
c (van-der-Wielen et al., 1995) .
d (Ooms et al., 1995) .
e (Nederlandse Hartstichting, 2001 ).
f (Haller et al., 1996) . g (van-Asselt et al., 1998) .
Enriched drink, dietary intake and nutritional status M Manders et al and body weight were found, although not statistically significant. Energy intake from regular food decreased to the same extent in both groups. Therefore, energy compensation, which could have been possibly induced by the supplement, did not occur. We chose to investigate a population of institutionalised elderly because they have an elevated risk of malnutrition. On the basis of an MMSE score of 23.5 points (p 10 -p 90 : 10.7-27.3) and Barthel Index of 16, we may characterize our population of 80 years of age on an average as an institutionalised, borderline-demented population, but reasonably independent for activities of daily living. Baseline mean energy, protein, fat intake and intakes of vitamins and minerals of our population were much lower than that of the independently living Dutch elderly of the SENECA study Moreiras et al., 1991) , but were similar to the low intakes observed in Dutch nursing-home residents (van-der-Wielen et al., 1995; Wouters-Wesseling et al., 2002) . One-third of our participants had an energy intake below 6.3 MJ/day, which is one of the indicators of risk for inadequate micronutrient intakes (de-Groot et al., 1996) . In our population, a high prevalence of deficiency in some micronutrients was found. A high prevalence of 480% vitamin D deficiency was especially observed. This prevalence would be even higher when we consider an optimal vitamin D level between 50 and 80 nmol/l (Dawson Hughes et al., 2005) , instead of the 30 nmol/l used in this study as a cutoff point (Ooms et al, 1995) . Therefore, vitamin D supplementation needs special attention among the institutionalised elderly.
For practical reasons, we could not randomly select the subsample for the dietary assessment. The 66 participants in the subsample were significantly younger (3 years) and had a higher MMSE score (23.5 vs 20 points) and calf circumference (33.6 vs 32.5 cm) than other participants. It is not likely that the selection of this group influenced the results on change in nutritional status, because this is a physiological process. Our conclusions on energy compensation would presumably not have been different with a randomly selected dietary subsample.
The dropouts (35%) performed cognitively better and had lower intakes of certain nutrients and higher levels of Hcy than did participants who completed the full protocol. We suspect that the participants with a better cognitive performance experienced the protocol as being more intensive. Therefore, if the dropouts had completed the full protocol, the results would have been more outspoken because the dropouts had a worse physical health status at baseline and would probably have profited most by supplementation. The number of dropouts was distributed equally over both treatment groups and reasons for dropping out were similar for both groups. Therefore, we expect that the dropping out attenuated our conclusions.
We found favourable effects of nutritional supplementation on dietary intake and nutritional status despite a relatively low compliance (79.5% (range: 18.5-94.4%)).
Insufficient compliance with the study treatment (o50%) was registered in one-fifth of the population. We tried to prevent low compliance with stimulating measures, such as a distribution schedule provided to the nursing staff or participants, encouragement of drinking by the nursing staff and providing drinks of two different flavours (to counteract boredom in taste). A reason for the low compliance might be that the taste of the drinks was not adjusted for our population of institutionalised, borderline-demented elderly. An indication for this comes from a pilot study (WoutersWesseling et al., 2002) in which positive remarks were made about the intervention product. For our study, the nutrientdense drink was slightly changed and no such positive remarks were made during our study. Second, the proposed timings to use the drink (between main meals) were probably not the best suitable timings for our elderly population. Together with the time constraints of the nursing staff, this could have led to the lower compliance. Further analysis by comparing results of participants with a compliance rate of 75% or higher did not show an effect of compliance on biochemical indicators and on the intake of vitamins and minerals. The decrease in intake of energy of the background diet was, however, relatively high in the high compliance group, suggesting that a higher compliance might lead to energy compensation.
We did not find a difference in the intake of macronutrients. A method covering a longer period or investigating dietary habits may have been more suitable. Another reason might be that the supplement contained relatively more micronutrients than energy in comparison with the reference values (energy 20% and micronutrients 175%). We used an observation that included the weighing-back method to investigate changes in dietary intake. This was considered as the most accurate method, because a food frequency questionnaire, 24-h recalls or dietary history are less reliable in our population with impaired cognitive function (van-Staveren et al., 1994) . We did not measure on weekends, but as the diet of the institutionalised elderly will not be different from that on weekdays, we do not expect this to have influenced our results. Dieticians were trained beforehand to ensure an accurate and detailed measurement of the dietary intake. Therefore, we do not expect that the choice of our method could have affected our results. Furthermore, similar to Fiatarone's study (Fiatarone Singh et al., 2000) , we did not find a significant effect of the supplement on energy intake, but, in contrast, there was an increase in body weight of 1.4 kg after 24 weeks of supplementation in the intervention group. This contradictory finding might be explained by a high intraindividual coefficient of variation in energy intake (Beaton et al., 1979) , which leads to a lack of power to observe a significant difference in energy intake. We expect that macronutrient intake was effectively improved in this group. We considered a total follow-up period of 24 weeks long enough to observe differences in both dietary intake and nutritional status between the groups. In the free-living elderly, improvement Enriched drink, dietary intake and nutritional status M Manders et al in total dietary intake and nutritional status was also shown in studies of 16-24 weeks of intervention (Krondl et al., 1999; de-Jong et al., 2000; Wouters-Wesseling et al., 2003) . To reduce compensation during other meals, we instructed the participants to consume the intervention products between main meals. For a higher total energy intake, it may be important to administer the supplement at least 60 min before the meal (Wilson et al., 2002) . This was, however, not confirmed by another study (Boudville and Bruce, 2005) . Another way to reduce compensation was by limiting the volume of the intervention product. Still, we observed that intake from regular food decreased in the intervention group (energy intake: À0.53 MJ/day), although this decrease was nearly identical to the decrease observed in the placebo group (À0.56 MJ/day). Therefore, this decline is not related to the energy content of the intervention product. Probably the decrease in voluntary intake is related to the volume of the intervention products. It is more difficult for elderly people to regulate energy intake in case of changes in their diet than it is for younger people (Roberts et al., 1994; Rolls et al., 1995) . We could not confirm this, because there was no energy-related compensation in our population.
Data on dietary intake from placebo-controlled studies are scarce. In most studies, only intake of macronutrients is measured. Our findings regarding energy intake differ from the results of groups at risk of malnutrition. In Lauque's study, one group received oral supplementation, whereas the other group did not receive any supplementation. The placebo group had not changed their intake in contrast to the intervention group, who increased their intake by 1 MJ/ day (Lauque et al., 2000) . In our study, we found a decrease in intake in the regular diet in both treatment groups. Our supplement was able to counteract this decline in energy intake. From the differences in results, compared with other studies, it can be concluded that higher baseline data lead to a higher decrease in macronutrient intake (WoutersWesseling et al., 2003) .
In conclusion, we found a positive effect of the intervention on dietary intake and nutritional status in the intervention group. We showed that this group of institutionalised elderly people does not compensate the energy content of a concentrated nutritional supplement. The total daily intake of macronutrients and micronutrients was improved by supplementation in the intervention group. Therefore, the nutrient-enriched drink used in this study is supposed to be able to counteract the development of malnutrition in institutionalised elderly.
